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TITLE OF THE INVENTION 

Signal Processing Circuit of Image Input Apparatus 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a signal processing circuit of an image input 
apparatus that converts signals in predetermined units arranged in two dimensions, which 
are obtained usually by an image pickup device in the image input apparatus, such as 
digital still cameras. 
Description of the Background Art 

Conventionally, image photographed by a digital camera has been subjected to 
image processing such as rotation, reflection, and conversion of arrangement of color 
components. At that time, the photographed image data is read in a CPU contained in 
the digital camera, and the mentioned image processing is conducted in the CPU by 
software. 

Consider now a CPU that has a 32-bit register and thus expresses one pixel of 
an image data in units of one byte (8 bits) or the like. When this image data is subjected 
to the mentioned image processing by software, the processing unit of the CPU (32 bits) 
does not match the unit of pixels (8 bits). Therefore, after the image data is decomposed 
on a plurality of registers within the CPU, and then rotated, for example, a 32-bit data 
(hereinafter referred to as "word data") is reconfigured on the registers. That is, 24 
dummy bits are added to an 8-bit image data, to obtain a 32-bit image data. This image 
data is stored in memory or a storage medium, and then read in the CPU in order to 
conduct processing. After the processing is completed, the image data is returned to a 8- 
bit data for preservation. As a result, this processing requires many data conversion 
processing between a word data and a one-byte data, thereby increasing processing time. 



SUMMARY OF THE INVENTION 

According to a first aspect of the invention, a signal processing circuit in an 
image input apparatus which stores, in storage units of a main memory, a unit image 
signal in predetermined units that is obtained by an image pickup device and arranged in 
two dimensions, the signal processing circuit reading and processing the unit image signal 
stored in the main memory, and the signal processing circuit comprises first and second 
storage means provided with a plurality of storage regions of the same number of bits as 
the unit image signal, wherein: the storage regions of the first storage means and the 
storage regions of the second storage means are connected one another, such that an array 
of the unit image signal stored in the main memory is stored in the storage regions of the 
second storage means in a state of being rotated 90 degrees clockwise, alternatively, 90 
degrees counterclockwise, through proceeding that the unit image signal stored in the 
main memory is transferred and stored in the storage regions of the first storage means, 
and then the unit image signal stored in the storage regions of the first storage means is 
transferred and stored in the storage regions of the second storage means. 

According to a second aspect, a signal processing circuit of an image input 
apparatus comprises first and second storage means provided with a plurality of storage 
regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, wherein the storage regions of the first storage means and the storage regions 
of the second storage means are directly connected one another by a predetermined 
connecting line, such that an array of the unit image signal stored in the storage regions of 
the first storage means is reflected about a centerline of the array, to be stored in the 
storage regions of the second storage means. 

According to a third aspect, a signal processing circuit of an image input 



apparatus comprises first and second register groups provided with a plurality of storage 
regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, the first and second register groups having first to fourth registers, 
respectively, the first to fourth registers having zero-th to third storage regions, 
respectively, wherein: the zero-th storage regions of the first to fourth registers of the first 
register group are connected directly, by a predetermined connecting line, to the zero-th to 
third storage regions of the fourth register of the second register group; the first storage 
regions of the first to fourth registers of the first register group are connected directly, by 
a predetermined connecting line, to the zero-th to third storage regions of the third 
register of the second register group; the second storage regions of the first to fourth 
registers of the first register group are connected directly, by a predetermined connecting 
line, to the zero-th to third storage regions of the second register of the second register 
group; and the third storage regions of the first to fourth registers of the first register 
group are connected directly, by a predetermined connecting line, to the zero-th to third 
storage regions of the first register of the second register group. 

According to a fourth aspect, the signal processing circuit of an image input 
apparatus of the third aspect further comprises a third register group having the first to 
fourth registers which are respectively provided with the zero-th to third storage regions 
of the same number of bits as a unit image signal in predetermined units arranged in two 
dimensions, wherein: the zero-th to third storage regions of the first register of the second 
register group are connected directly, by a predetermined connecting line, to the third to 
zero-th storage regions of the first register of the third register group, respectively; the 
zero-th to third storage regions of the second register of the second register group are 
connected directly, by a predetermined connecting line, to the third to zero-th storage 



regions of the second register of the third register group, respectively; the zero-th to third 
storage regions of the third register of the second register group are connected directly, by 
a predetermined connecting line, to the third to zero-th storage regions of the third 
register of the third register group, respectively; and the zero-th to third storage regions of 
the fourth register of the second register group are connected directly, by a predetermined 
connecting line, to the third to zero-th storage regions of the fourth register of the third 
register group, respectively. 

According to a fifth aspect, a signal processing circuit of an image input 
apparatus comprises second and third register groups provided with a plurality of storage 
regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, the second and third register groups having first to fourth registers, the first 
to fourth registers having zero-th to third storage regions, wherein: the zero-th to third 
storage regions of the first register of the second register group are connected directly, by 
a predetermined connecting line, to the third to zero-th storage regions of the first register 
of the third register group, respectively; the zero-th to third storage regions of the second 
register of the second register group are connected directly, by a predetermined 
connecting line, to the third to zero-th storage regions of the second register of the third 
register group, respectively; the zero-th to third storage regions of the third register of the 
second register group are connected directly, by a predetermined connecting line, to the 
third to zero-th storage regions of the third register of the third register group, 
respectively; and the zero-th to third storage regions of the fourth register of the second 
register group are connected directly, by a predetermined connecting line, to the third to 
zero-th storage regions of the fourth register of the third register group, respectively. 

According to a sixth aspect, a signal processing circuit of an image input 



apparatus comprises first and second storage means provided with a plurality of storage 
regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, wherein: the unit image signal is one of a plurality of components forming a 
predetermined unit of arrangement of color components; and the storage regions of the 
first storage means and the storage regions of the second storage means are directly 
connected one another by a predetermined connecting line, such that an array of the unit 
image signal stored in the storage regions of the first storage means is stored in the 
storage regions of the second storage means, along with a rotation conversion in which an 
array of the unit image signal stored in the storage regions of the first storage means is 
rotated 90 degrees clockwise, alternatively, 90 degrees counterclockwise, while 
maintaining the unit of arrangement of color components. 

According to a seventh aspect, the signal processing circuit of an image input 
apparatus of the sixth aspect has the feature that: the rotation conversion is to perform 
only a clockwise 90 degrees rotation; the unit of arrangement of color components is 
composed of one brightness component and two color components of which frequency in 
the horizontal or vertical allocation is one-half the frequency in the horizontal or vertical 
allocation of the brightness component, a first register group is provided as the first 
storage means; and a second register group is provided as the second storage means, each 
of the first and second register groups having first and second registers, each of the first 
and second registers having zero-th to third storage regions storing the brightness 
component and the two color components, and wherein: zero-th storage region of the first 
register of the first register group is connected directly, by a predetermined connecting 
line, to the zero-th storage region of the second register of the second register group; the 
second storage region of the first register of the first register group is connected directly, 



by a predetermined connecting line, to the zero-th storage region of the first register of the 
second register group; the zero-th storage region of the second register of the first register 
group is connected directly, by a predetermined connecting line, to the second storage 
region of the second register of the second register group; the first storage region of the 
second register of the first register group is connected directly, by a predetermined 
connecting line, to the first storage region of the first register of the second register group 
and to the first storage region of the second register of the second register group; the 
second storage region of the second register of the first register group is connected 
directly, by a predetermined connecting line, to the second storage region of the first 
register of the second register group; and the third storage region of the second register of 
the first register group is connected directly, by a predetermined connecting line, to the 
third storage region of the first register of the second register group and to the third 
storage region of the second register of the second register group. 

According to an eighth aspect, the signal processing circuit of an image input 
apparatus of the sixth aspect has the feature that: the rotation conversion is to perform 
only a counterclockwise 90 degrees rotation; the unit of arrangement of color components 
is composed of one brightness component and two color components of which frequency 
in the horizontal or vertical allocation is one-half the frequency in the horizontal or 
vertical allocation of the brightness component; and first register group is provided as the 
first storage means, and second register group is provided as the second storage means, 
each of the first and second register groups having first and second registers, each of the 
first and second registers having zero-th to third storage regions storing the brightness 
component and the two color component, and wherein: the zero-th storage region of the 
first register of the first register group is connected directly, by a predetermined 
connecting line, to the second storage region of the first register of the second register 



group; the second storage region of the first register of the first register group is 
connected directly, by a predetermined connecting line, to the second storage region of 
the second register of the second register group; the zero-th storage region of the second 
register of the first register group is connected directly, by a predetermined connecting 
line, to the zero-th storage region of the first register of the second register group; the first 
storage region of the second register of the first register group is connected directly, by a 
predetermined connecting line, to the first storage region of the first register of the second 
register group and to the first storage region of the second register of the second register 
group; the second storage region of the second register of the first register group is 
connected directly, by a predetermined connecting line, to the zero-th storage region of 
the second register of the second register group; and the third storage region of the second 
register of the first register group is connected directly, by a predetermined connecting 
line, to the third storage region of the first register of the second register group and to the 
third storage region of the second register of the second register group. 

According to a ninth aspect, a signal processing circuit of an image input 
apparatus comprises storage means provided with a plurality of storage regions of the 
same number of bits as a unit image signal in predetermined units that is obtained by an 
image pickup device in the image input apparatus and arranged in two dimensions, the 
unit image signal being one of a plurality of components forming a predetermined unit of 
arrangement of color components, and clockwise rotation means with which, in response 
to input of a predetermined clockwise rotation instruction signal, an array of a unit image 
signal that is stored in the storage regions of the storage means is rotated 90 degrees 
clockwise, while maintaining the unit of arrangement of color components, and then 
stored in the storage regions of the storage means. 

According to a tenth aspect, the signal processing circuit of an image input 
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apparatus of the ninth aspect has the feature that: the unit of arrangement of color 
components is composed of one brightness component and two color components of 
which frequency in the horizontal or vertical allocation is one-half the frequency in the 
horizontal or vertical allocation of the brightness component; and a register group is 
provided as the storage means, the register group having first and second registers, each 
of the first and second registers having zero-th to third storage regions storing the 
brightness component and the two color components; and wherein: in response to input of 
the clockwise rotation instruction signal, with the clockwise rotation means, a unit image 
signal in the zero-th storage region of the first register is stored in the zero-th storage 
region of the second register; a unit image signal in the second storage region of the first 
register is stored in the zero-th storage region of the first register; a unit image signal in 
the zero-th storage region of the second register is stored in the second storage region of 
the second register; a unit image signal in the first storage region of the second register is 
stored in the first storage region of the first register and the first storage region of the 
second register; a unit image signal in the second storage region of the second register is 
stored in the second storage region of the first register; and a unit image signal in the third 
storage region of the second register is stored in the third storage region of the first 
register and the third storage region of the second register. 

According to an eleventh aspect, a signal processing circuit of an image input 
apparatus comprises: storage means provided with a plurality of storage regions of the 
same number of bits as a unit image signal in predetermined units that is obtained by an 
image pickup device in the image input apparatus and arranged in two dimensions, 
wherein the unit image signal is one of a plurality of components forming a 
predetermined unit of arrangement of color components, and counterclockwise rotation 
means with which, in response to input of a predetermined counterclockwise rotation 



instruction signal, an array of a unit image signal that is stored in the storage regions of 
the storage means is rotated 90 degrees counterclockwise, while maintaining the unit of 
arrangement of color components, and then stored in the storage regions of the storage 
means. 

According to a twelfth aspect, the signal processing circuit of an image input 
apparatus of the eleventh aspect has the feature that: the unit of arrangement of color 
components is composed of one brightness component and two color components of 
which frequency in the horizontal or vertical allocation is one-half the frequency in the 
horizontal or vertical allocation of the brightness component; and a register group is 
provided as the storage means, the register group having the first and second registers, 
each of the first and second registers having the zero-th to third storage regions storing 
the brightness component and the two color components, and wherein: in response to 
input of the counterclockwise rotation instruction signal, with the counterclockwise 
rotation means, a unit image signal in the zero-th storage region of the first register is 
stored in the second storage region of the first register; a unit image signal in the second 
storage region of the first register is stored in the second storage region of the second 
register; a unit image signal in the zero-th storage region of the second register is stored in 
the zero-th storage region of the first register; a unit image signal in the first storage 
region of the second register is stored in the first storage region of the first register and 
the first storage region of the second register; a unit image signal in the second storage 
region of the second register is stored in the zero-th storage region of the second register; 
and a unit image signal in the third storage region of the second register is stored in the 
third storage region of the first register and the third storage region of the second register. 

According to a thirteenth aspect, a signal processing circuit of an image input 
apparatus comprises first and second storage means provided with a plurality of storage 
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regions of the same number of bits as a unit image signal in predetermined units that is 
obtained by an image pickup device in the image input apparatus and arranged in two 
dimensions, wherein: the unit image signal is one of a plurality of components forming a 
predetermined unit of arrangement of color components; and the storage regions of the 
first storage means and the storage regions of the second storage means are directly 
connected one another by a predetermined connecting line, such that each of unit image 
signals stored in the storage regions in order to form a first unit of arrangement of color 
components in the first storage means, is converted to a second unit of arrangement of 
color components, and then stored in the storage regions of the second storage means. 

According to a fourteenth aspect, the signal processing circuit of an image input 
apparatus of the thirteenth aspect has the feature that: the first and second unit of 
arrangement of color components are composed of one brightness component and two 
color components of which frequency in the horizontal or vertical allocation is one-half 
the frequency in the horizontal or vertical allocation of the brightness component; and a 
first register is provided as the first storage means; and a second register is provided as 
the second storage means, each of the first and second registers having the zero-th to third 
storage regions storing the brightness component and the two color components; and 
wherein: zero-th storage region of first register is connected directly to the zero-th storage 
region of the second register by a predetermined connecting line; the first storage region 
of the first register is connected directly to the second storage region of the second 
register by a predetermined connecting line; the second storage region of the first register 
is connected directly to the first storage region of the second register by a predetermined 
connecting line; and the third storage region of the first register is connected directly to 
the third storage region of the second register by a predetermined connecting line. 

With the first aspect, because image rotation processing can be conducted 
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wi,hou, converting ft. da,a .engm of a uni, image signa,, «he step of converting .he da,a 
,e„gth and a data transfer therefor are no. reared, .hus enabiing .o perform processing a. 
a high speed and a low power consumption. 

With the second aspect, image reflection processing can be conducted without 
5 converting the data iength o, a unit image signa., thereby enabiing to perform processing 
at a high speed and a low power consumption. 

With the third aspect, processing of rotating 90 degrees clockwise can be 
conducted a, a high speed, by inputting a uni, image signal that is arranged in two 
dimensions and stored in the main memory, to the second register group such as to be 
10 reflected verticaU, with respect to the arrangement, and transferring it to the fust register 
group. Thereby, the step of converting the data length is no, required, thus enabling to 
perform ,he processing of routing 90 degrees clockwise, a, a high speed and a low power 
consumption. 

Wi,h ,he fourth aspect, by transferring an image signal from the third register 
„ group ,0 the second register group, processing of rotating 90 degrees counterclockwise 
can be conducted a, a high speed and a low power consumption, without converting the 
data length of a uni. image signal. In addition, by transferring an image signa. from the 
second regis., group .o .h. firs, regi,er group, .here is no need .o convert the da.a lengm 
of a uni. image signal, and .hus reflection processing made for inpu. .„ .he ftird regis.er 
20 group can be conducted at a high speed and a low power consumption. 

With the fifth aspect, by transferring an image signal inputted to the third 
register group, to the second register group, there is no need to convert the data length of 
a uni, image signa,, and ,h»s reflection processing can be conducted a, a high speed and a 

low power consumption. 
26 Wi,h the sixth or seventh aspect, even for image having a uni, of arrangemen, 
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of color components, it is unnecessary to convert the data length of a unit image signal. 

This enables to conduct processing of rotating 90 degrees clockwise, or 90 degrees 

counterclockwise, at a high speed and a low power consumption. 

With the seventh aspect, even when an image signal of which unit of 
arrangement of color components is composed of one brightness component and two 
color components of which frequency in the horizontal or vertical allocation is one-half 
that of the brightness component (for example, in a video data in a format of "YCbYCr"), 
there is no need to convert the data length of a unit image signal. It is therefore possible 
to conduct processing of rotating 90 degrees clockwise, at a high speed and a low power 
consumption. 

With the eighth aspect, even when an image signal of which unit of 
arrangement of color components is composed of one brightness component and two 
color components of which frequency in the horizontal or vertical allocation is one-half 
that of the brightness component (for example, in a video data in a format of "YCbYCr"), 
it is possible to conduct processing of rotating 90 degrees counterclockwise, at a high 
speed and a low power consumption. 

With the ninth or tenth aspect, there is no need to convert the data length of a 
unit image signal, thus enabling to conduct processing of rotating 90 degrees clockwise, 
at a high speed and a low power consumption. In addition, because an image signal of a 
storage means is rotated 90 degrees clockwise, and then returned to this storage means, 
there is no need to provide a plurality of storage means, resulting in an inexpensive 



circuit. 



With the eleventh or twelfth aspect, there is no need to convert the data length 
of a unit image signal, thus enabling to conduct processing of rotating 90 degrees 
counterclockwise, at a high speed and a low power consumption. In addition, because 
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an image signal of a storage means is rotated 90 degrees counterclockwise, and then 
returned to this storage means, there is no need to provide a plurality of storage means, 
resulting in an inexpensive circuit. 

With the thirteenth or fourteenth aspect, there is no need to convert the data 
length of a unit image signal, thus enabling to conduct conversion of arrangement of color 
components, at a high speed and a low power consumption. 

An object of the present invention is to overcome the foregoing problem in the 
conventional technique by providing an image processing circuit of an image input 
apparatus that can perform high-speed image processing, such as rotation, reflection, and 
conversion of arrangement of color components. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of a digital still camera according to one preferred 
embodiment of the present invention; 

Fig. 2 is a diagram illustrating register groups of a coprocessor and a connection 
between registers in their respective register groups, according to a first preferred 
embodiment; 

Figs. 3(A) to 3(F) are diagrams illustrating a rotation processing in the 
coprocessor of the first preferred embodiment; 

Figs. 4(A) to 4(C) are diagrams illustrating a reflection processing in the 
coprocessor of the first preferred embodiment; 

Figs. 5(A) and 5(B) are diagrams illustrating a state that a color data is 
compounded or separated in the first preferred embodiment; 
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Fig. 6 is a diagram illustrating register groups of a coprocessor and a connection 
between registers in their respective register groups, according to a second preferred 
embodiment; 

Fig. 7 is a diagram illustrating a clockwise rotation processing by the 
coprocessor of the second preferred embodiment; 

Fig. 8 is a diagram illustrating register groups of a coprocessor and a connection 
between registers in their respective register groups, according to a third preferred 
embodiment; 



• ^ Fig. 9 is a diagram illustrating a counterclockwise rotation processing by the 
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10 coprocessor of the third preferred embodiment; 

Fig. 10 is a diagram illustrating schematically register groups of a coprocessor 
and a connection relationship between registers in their respective register groups, 
according to a fourth preferred embodiment; 

Fig. 11 is a diagram illustrating a clockwise rotation processing by the 
15 coprocessor of the fourth preferred embodiment; 

Fig. 12 is a diagram illustrating schematically register groups of a coprocessor 
and a connection relationship between registers in their respective register groups, 
according to a fifth preferred embodiment; 

Fig. 13 is a diagram illustrating a counterclockwise rotation processing by the 
20 coprocessor of the fifth preferred embodiment; and 

Fig. 14 is a diagram illustrating schematically register groups of a coprocessor 
and a connection between registers in their respective register groups, according to a sixth 
preferred embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 Preferred embodiments of the present invention will now be described with 
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reference to the accompanying drawings. 
First Preferred Embodiment 

Fig. 1 is a diagram of a digital still camera according to one preferred 
embodiment of the present invention. In the digital still camera, as shown in Fig. 1, the 
image photographed by a CCD (image pickup device) 21 is read by an analog signal 
processing circuit 22 for analog-digital conversion. To the digitized image, a 
predetermined general image processing, such as pixel interpolation, color transformation, 
contour intensification, filtering and pixel skipping, is performed by real time processing 
at high speed in a real time processing unit (RPU) 23, and an exceptional image 
processing including rotation, reflection, conversion of arrangement of color components 
and JPEG compression, is executed by a CPU (central processing unit) 24 and a 
coprocessor 25 corresponding to a signal processing circuit of the present invention. 
The obtained image is outputted to a predetermined processor (personal computer, etc.) 
via an external interface (I/F) 26, and also displayed on a LCD 27 as a finder, through a 
display drive circuit 27a. Alternatively, it is stored in a general main memory 29, such 
as a DRAM, SDRAM, etc. At this time, the image display on the finder (LCD27) is 
executed in such a manner that, for supplying image to the finder (LCD 27), a 
predetermined processing such as a slight resolution reduction is performed by the real 
time processing unit 23, and image is outputted one after another. When the operator 
pushes a shutter release button, etc. (not shown) on an operation part 28, a detailed image 
residing in the main memory 29 is stored at a stroke in storage media, e.g., a memory card 
30. 

As to image provided through the analog signal processing circuit 22, when a 
real time processing is executed, the intermediate pixel array data is not stored in the 
main memory 29 but directly processed by the RPU 23. On the other hand, when no real 



16 

time processing is executed, based on various image processing instructions (a clockwise 
rotation instruction and counterclockwise rotation instruction to be described later) which 
are given by the operator through the operation part 28, the mentioned rotation, reflection, 
conversion of arrangement of color components, and JPEG compression processing are 
conducted by the CPU 24 and coprocessor 25, and the resulting data is temporarily stored, 
as a pixel array data, in a CCD data buffer (not shown) of the main memory 29. The 
pixel array data is inputted to the real time processing unit 23 by direct memory access 
(DMA), to achieve a high speed processing. Herein, the CPU 24 contains a 32-bit 
length register and performs a data processing in 32-bit (one word) units. Of the 
mentioned processing not to be made in real time, rotation, reflection, and conversion of 
arrangement of color components processing are not conducted in the CPU 24 by 
software, but they are conducted by the coprocessor 25 that is provided with a circuit for 
these processing (described in detail later), at a high speed and a low power consumption. 

The real time processing unit 23, CPU 24, external interface 26 are connected 
to a main bus MB, together with the main memory 29, memory card 30 and JPEG 
processing part 31. In order to reduce the load on the CPU 24 upon data interchange 
among these elements, data interchange via the main bus MB is made between the 
respective elements under control of a direct memory access (DMA) controller 32, not 
through the CPU 24. 

In Fig. 1, there are shown an optical mechanism 30a that has a lens with auto 
focus function, an aperture device, etc.; strobe 30b, CCD drive circuit 30c driving the 
CCD 21; timing generator (TG) 30d that regulates operation timing of the real time 
processing unit 23 and CCD drive circuit 30c; and PLL oscillator circuit 30e. 

Description will now be made of a coprocessor 25 that is a major part of the 
invention. Fig. 2 is a diagram illustrating register groups of a coprocessor 25 and a 
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ejection between registers i„ their respective register groap, As shown in Fig. 2, the 
coprocessor 25 has register groups ROl to R03 tha, correspond ,o storage means of the 
invention. Each register group has four registers corresponding to storage eiements. 
That is, each of .he register groups ROl to RG3 has registers Rl ,0 R4. Each of the 
5 registers Rl to R4 is a register of 32 bits, namely, one-word (four bytes). 

,„ this digital still camera, an image data in pixel units is a monochromatic 
gradation signal expressed by eight bits (one byte). In each register, each of the ze,„-,h 
byte BO to the third byte B3 reads eight bits (one byte). Assuming tha, the bits of the 
registers are called the ze,o-.h bit ,0 the 3!s, bi, the Z ero-,h to 7th bits, the 8,h to 15th 
10 bits, the 16th ,0 23rd bits, and the 24,h to 31s. bits, are called the ze,o,h byte BO, first 
byte Bl, second by.e B2, and third byte B3, respeCive.y. An image data is read in one- 
pixel units (corresponding to a unit image signal in Ure invention) per bye. Tha. is, in 
each of the registers Rl to R4 of ,he register groups ROl to R03, each pixel's image data 
is stored in a region .ha. has .he same number of bi«s as an image da.a of one pixel, as a 
15 unit. 

The registers Rl to R4 of the respective register groups RG1 to RG3 are 

• ,, tr, tt,P TPU 24 in order to read an image data from the 

directly and electrically connected to the CFU Z4, in oruci 

CPU 24, alternately, output an image data .0 .he CPU 24. Thereby, each of the by.es 
BO to B3 of .he regis.ers Rl to R4 in .he regisier groups RG1 to RG3, is connected 
20 indirectly to the main memory 29 through the CPU 24. 

The ze,o-.h by.e BO .o .he third bytes B3 of the registers Rl to R4 be W ee» .he 
register groups RG1 and RG2, and between .he register groups RG2 and RG3, are 
directly and elecrically conneCed one another, by a predetermined connecting line, as 
described below. Specific*, the zero-.h by.es BO of a„ .he regis.ers o, .he regis.e, 
25 group RG1 are conneCed .0 .he ze,o,h by.e BO .0 third by.e B3 of .he regis.e, R4 of .he 
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register group RG2; .he firs. by.e Bis of all .he regis.ers of .he regis.er group Ml are 
cour.ec.ed .o .he zero-.h bye BO to .hird by.e B3 of .he regis.er R3 of .he regis.er group 
RG2; .he second by.es B2 of al! .he regis.ers of d. regis.e, group R01 are connected «o 
the zero-.h byte BO to .hird by.e B3 of .he register R2 of .he register group RG2; and .he 
5 .hird by.es B3 of all the registers of .he register group RG1 are connected .0 the ze,o-,h 
by.e BO .0 .hird by.e B3 of .he register Rl of .he register group RG2. The zer„-«h byte 
BO to third byte B3 of d. register Rl of the register group RG2 are respectively 
connected ,0 .he .hird byte B3 to zero-th byte BO of the register Rl of the register group 
RG3; .he zero-U, byte BO to third byte B3 of the register R2 of .he register group RG2 are 
10 respectively connected to the third byte B3 to zero-th byte BO of the register R2 of the 
register group RG3; the zero-th byte BO to .hird byte B3 of .he register R3 of ,he register 
group RG2 are respectively connected to the third byte B3 to zero-th byte BO of .he 
register R3 of .he register group RG3; and .he zero-.h byte BO .0 .hird byte B3 of .he 

T>m oro rpsnectivelv connected to the third byte B3 to 
register R4 of the register group RG2 are respectively wjihic 

15 zero-th byte BO of the register R4 of the register group RG3. 

The respective register groups are connected in this manner, therefore, by 
transferring an image data between the register groups as illustrated below, an image 
processing such as a clockwise 90 degrees rotation, a counterclockwise 90 degrees 
rotation, or reflection in the right-to the left direction (horizontal direction), with respect 
20 to image, can be conducted at a high speed. 

Figs. 3(A) to 3(F) are diagrams illustrating a rotational processing by a 
coprocessor 25 according to a first preferred embodiment, in which Figs. 3(A) to 3(C) 
Ulustrate a clockwise 90 degrees rotation, and Fig, 3(D) to 3(F) illustrate a 
counterclockwise 90 degrees rotation. Firstly, a 4-word image data stored in a main 
25 memory 29, as shown in Fig. 3(A), is read in a register group RG2 through a CPU 24, as 
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shown in Fig. 3(B). Tha. is, aUhough by.es BO .0 B3 o £ regis,ers Rl .0 R4 of .he 
register group R02 are no, iUus.ra.ed, .hey are con„ec.ed .o .he main memory 29, 
trough .he CPU 24, so .ha. an image da* is reflect vertically. Then, .he image d.,a 
of .he register group RG2 is .ransferred .„ a regis.er group RG. as shown in Fig. 3(C). 
5 A comparison of Fig. 3(A) wi.h 3(C) indica.es .ha. ,he 4-word image da,a is ro„ed 90 
degrees clockwise. Thus, when an image da.a is ou.puUed from .he regis.er group RG1, 
an image data rotated 90 degrees clockwise can be obtained. 

Similarly, a 4-word image data stored in the main memory 29 as shown in Fig. 
3(D) is read in a register group RG3 through the CPU 24, as shown in Fig. 3(E), and then 
,0 .ransferred .o .he re g is.er group RG1 .hrough .he regis.er group RG2, resting in such an 
array as shown in Fig. 3(F). A comparison of Fig. 3(E) wi,h 3(F) indica.es tha. .he 4- 
„ord image da* is ro.a.ed 90 degrees coun.erclockwise. Thus, when an image da.a ts 

n ri an imaoe data rotated 90 degrees 
outputted from the register group RG1, an image 

counterclockwise can be obtained. 
16 Figs. 4(A) .o 4(C) are diagrams illus,ra.ing a reflection processing by a 

coprocessor 25 according .0 .he firs, preferred embodimen, Firsrty, a 4-word image 
data s.ored in a main memory 29 as shown in Fig. 4(A), is read in a regis.er group RG3 as 
shown in Fig. 4(B), and .hen .ransferred .0 a regis.e, group RG2 as shown in Fig. 4(C). 
A comparison of Fig. 4(A) with 4(C) indicates tha. .he 4-word image da.a is reflected 
20 horizon,a,ly (symmetrically) about a vertical centerline CL (i.e., the line extending 
through between a firs, byte Bl and second byte B2 of each register). Thus, when an 
image da,a is ou,pu„ed from the register group RG2, an image da* refleCed horizon,a,ly 

(symmetrically) can be obtained. 

As apparent from Fig. 2, a single connecting line extends from each byte of the 
25 registers of the register group, Tha, is, each by,e of one register of one regis.er group is 
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— — — r'rr.'^^- 

l, 

10 RG2 to the register group RG3, ana 

reg U,e, group RG3 .o ,he regis*, group KG!, rhrough -he rearer group 

ab00 , . — „ _ - > — — • — » 2 

, v, RG3 is realized in the CPU 24 by software, because 
orh register group RG1 through RG3, is realize 

each register gro p configuration. 
. e there is no great difference in speed from the case of realizing w 

15 there is no g electrically connecting two 

cino ran also be realized easily by electrically 
This reflection processing can also 

• h meeting line and transferring an image data 
register groups by a predetermined connecting 

therebetWCen ' ssor 25 an image data having multiple components 

Additionally, in the coprocessor 25, an imag 
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th ere are shown tha. . co.or aa,a is compounded or separa,ed in order » convert a da,a 
for ma, be,ween a compound pixe. data in which -wo pixeis are expressed in 32 Mrs, and a 

™,„t in a unit of arrangement of color components (described 
32-bit image data per component in a unit 01 arw s 

late r) of ,e compound pixe, data. The compound pixe, data handled herein is a 32-bi, 
, coior image data expressing two pixeis as a unit, and has a unit of arrangement of coior 
components tha, is an array serving as a unit of muhipie components o, a group 
expressing a coior. The unit o, arrangement of coior components is composed of one 
tightness component (V component) and two coior components of which freouencv in 
,he ho,izon,a, or vertica, aiiocation is one-naif .ha, of ,he brightness component (i.e., the 

10 number of data is naif). * «. «* — *" " "« ° ^ ^ 

ta a forma, in which each component is arranged vertical and a 32-bi, compound pixe, 
dala is formed by adding ,wo pixeis of an 8-bi, Y component as an image data expressing 
two pixeis, an 8-bi, Cy componen, (a coior-difference signa, obtained by sub,raCing ,he 
bri gh,ness componen, from a biue componen,), and an 8-bi, Cb component (a coior- 
16 difference si^a, obtained by subtracting the brightness component from a re 
componen,,, which are common to the two pixeis of V component. This compound 
imag e data is then converted to a 32-bi, image dau ,ha, is grouped per component 

,„ ,he above processing of compounding o, separating component forming a 
Cor, ,he compound pixe, da,a is s,ored in ,he respecive regis.ers Rl ,0 R4 of ,he 
20 regis,er groups RG2 and RGf. Tha, is, in ,he regis,ers Rf ,0 R4 of ,he regis,er groups 
R01 and RG2, each componen, da,a is s,ored in s,orage regions (,he Z ero-fh ,o ,h.rd 
by.es) having ,he same number of bits as a one-componen. image da,a (Y, Cb or C, 
componen, in .his exampie), which serves as a uni, corresponding ,o a uni, image signa, 
of the invention. 

25 As shown in Fig. 5(A), an image da,a of ,he respecive components of Y, Cb, 
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a „d Cr is read in regis,ers « » - a regis,er group RG2, and men .ransferred ,0 a 
re gis,er group RG1, thereby a„ image data compounded in pixel units is generated in the 
registers M .o R4 of the regis,, group ROX, respectively. On .he contrary, an image 
da ta in units of rwo pixels Having the respective components of Y, Co, Y and Cr, is read 
5 in registers Rl to R4 of a renter group RG2, and then transferred to the register group 

register group RG1. This shows tha, compounding or separation of a coior data ,s 

, • ,h, functions of a clockwise 90 degrees rotation, and a 
executable by employing the functions or 

10 counterclockwise 90 degrees rotation, as mentioned earlier. 

Since the above conversion processing by the coprocessor 25 is reversib!e as 
previous* described, it is possible to separate or compound components forming a color 

register group RG1, and then transferred to the register group RG2. 

As stated in the foregoing, die firs, preferred embodiment is characterized in 

™ Rfil to RG3 storage regions having the same number of bits 
that, in the register groups RG1 to KUJ, stor g 

(one byte, as an image data serving as a unit, that is, the bytes of the registers Rl to R4, 
„ directly connected one another in the mentioned connection relationship. Thereby, a 
clockwise 90 degrees rotation, a counterclockwise 90 degrees rotation, reflection 
20 ho— (symmetrically, about a centerline, and compounding o, separation of 

sofW are,a»imageda t aasauni,isre q uired,obec„nver,edfroman8.b i ,,a32-bi,da,a. 
Wbereas in the firs, preferred embodiment, there is no need to cover, the da,a ,e„g,h of an 
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therefor are not required. This enables to conduct the processing at a high speed and a 
low power consumption. 

flemnd Prefr nt <1 Embodiment 

A second preferred embodiment has the same configuration as the first 
5 preferred embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 
25, an image data provided from a CPU 24 is rotated 90 degrees clockwise. The 
construction and processing of the coprocessor 25 will be described as below. 

Fig. 6 is a diagram illustrating register groups of a coprocessor 25 and a 
connection between registers in these register groups. The coprocessor of the second 
10 preferred embodiment has register groups RG4 and RG5, each having four 32-bit 
registers similar to the register groups RG1 to RG3 of the first preferred embodiment. 
In the second preferred embodiment, registers Rl, R2 and registers R3, R4 in the register 
groups RG4 and RG5, have totally the same connection relationship, and therefore, only 
the registers Rl and R2 are illustrated as a representative. 
15 In the second preferred embodiment, a compound pixel data (a video data) in 

which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCbYCr," each component is expressed in eight bits) is stored in 
registers Rl to R4 of register groups RG4 and RG5. A compound pixel data handled 
herein is the same as that in the first preferred embodiment. In the respective registers 
20 Rl to R4 of the register groups RG4 and RG5, each component data is stored in storage 
regions (the zero-th to third bytes) which have the same number of bits as a one- 
component image data serving as a unit corresponding to a unit image signal of the 
invention (in the above example, Y, Cb or Cr component). 

The respective bytes of the registers Rl and R2 (R3 and R4) of the register 
25 groups RG4 and RG5 are directly and electrically connected one another by a 
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predetermined connecting line. Specifically, the zero-th byte BO of the register Rl of 
the register group RG4 is connected to the zero-th byte BO of the register R2 of the 
register group RG5; the second byte B2 of the register Rl of the register group RG4 is 
connected to the zero-th byte BO of the register Rl of the register group RG5; the zero-th 
byte BO of the register R2 of the register group RG4 is connected to the second byte B2 of 
the register R2 of the register group RG5; the first byte Bl of the register R2 of the 
register group RG4 is connected to the first byte Bl of the register Rl of the register 
group RG5 and to the first byte Bl of the register R2 of the register group RG5; the 
second byte B2 of the register R2 of the register group RG4 is connected to the second 
byte B2 of the register Rl of the register group RG5; and the third byte B3 of the register 
R2 of the register group RG4 is connected to the third byte B3 of the register Rl of the 
register group RG5 and to the third byte B3 of the register R2 of the register group RG5. 

Fig. 7 is a diagram illustrating a clockwise rotation processing by a coprocessor 
25, in the second preferred embodiment. The fact that registers Rl and R2, and the 
registers R3 and R4, are connected in the same fashion as described, means that a 
clockwise 90 degrees rotation with respect to four pixels that are expressed in two 
registers, namely, a video data in 16-bit units, is conducted in parallel with respect to 
eight pixels. Accordingly, description will be made of rotation in the registers R3 and 
R4 as a representative. In Fig. 7, the symbol given in each byte of the registers 
designates one of the components (Y, Cb, Y and Cr components), and the following 
number designates one of eight pixels (the zero-th to seventh pixels). 

Of registers R3 and R4, consider now only the zero-th byte BO and the second 
byte B2, each storing Y component. After data transfer from the register group RG4 to 
RG5, Y0 to Y3 are rotated so that Y0 moves to the original position of Yl, Yl moves to 
the original position of Y3, Y2 moves to the original position of Y0, and Y3 moves to the 
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original position of Y2. As to Cb component and Cr component, in order not to disorder 
the array of Y, Cb, Y and Cr components, it is necessary that Cb component is disposed 
in the first byte Bl of each register, and Cr component is disposed in the third byte B3 of 
each register. Therefore, CbO and Crl that are originally stored in the first byte Bl and 
the third byte B3 of the register R4, are copied directly to the register R3. Accordingly, 
it is apparent that the compound pixel data is rotated 90 degrees clockwise, by this 
conversion. This is true for the registers Rl and R2. 

As stated above, the second preferred embodiment is characterized in that, in 
the register groups RG4 and RG5, the storage regions having the same number of bits 
(one byte) as an image data serving as a unit, that is, each byte of the respective registers 
Rl to R4, are directly connected one another in the mentioned connection relationship. 
Thereby, a clockwise 90 degrees rotation, can be conducted by image data transfer 
between the register groups R4 and R5. As compared to the case that such processing is 
conducted in the CPU 24 by software, there is no need to covert the data length of each 
component data that composes a color as a unit, thereby the step of converting the data 
length and a data transfer therefor are not required. This enables to conduct the 
processing at a high speed and a low power consumption. 

Third Prefe rred Embodiment 

A third preferred embodiment has the same configuration as the first preferred 
embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 25, an 
image data provided from a CPU 24 is rotated 90 degrees counterclockwise. The 
construction and processing of the coprocessor 25 will be described as below. 

Fig. 8 is a diagram illustrating register groups of a coprocessor 25 and a 
connection between registers in these register groups. The coprocessor of the third 
preferred embodiment has register groups RG6 and RG7, each having the same 
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configuration as the register groups RG4 and RG5 in the second preferred embodiment. 
Like the second preferred embodiment, registers Rl, R2 and registers R3, R4 in the 
register groups RG6 and RG7, have totally the same connection relationship, and 
therefore, only the registers Rl and R2 are illustrated as a representative. 

In the third preferred embodiment, a compound pixel data (a video data) in 
which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCbYCr," each component is expressed in eight bits) is stored in 
registers Rl to R4 of the register groups RG6 and RG7. A compound pixel data handled 
herein is the same as that in the first preferred embodiment. In the respective registers 
Rl to R4 of the register groups RG6 and RG7, each component data is stored in storage 
regions (the zero-th to third bytes) which have the same number of bits as a one- 
component image data serving as a unit corresponding to a unit image signal of the 
invention (in the above example, Y, Cb or Cr component). 

The respective bytes of each register of the register groups RG6 and RG7 are 
directly and electrically connected one another by a predetermined connecting line. 
Specifically, the zero-th byte BO of the register Rl of the register group RG6 is connected 
to the second byte B2 of the register Rl of the register group RG7; the second byte B2 of 
the register Rl of the register group RG6 is connected to the second byte B2 of the 
register R2 of the register group RG7; the zero-th byte BO of the register R2 of the 
register group RG6 is connected to the zero-th byte BO of the register Rl of the register 
group RG7; the first byte Bl of the register R2 of the register group RG6 is connected to 
the first byte Bl of the register Rl of the register group RG7 and to the first byte Bl of 
the register R2 of the register group RG7; the second byte B2 of the register R2 of the 
register group RG6 is connected to the zero-th byte BO of the register R2 of the register 
group RG7; and the third byte B3 of the register R2 of the register group RG6 is 
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connected to the third byte B3 of the register Rl of the register group RG7 and to the 
third byte B3 of the register R2 of the register group RG7. 

Fig. 9 is a diagram illustrating a counterclockwise rotation processing by a 
coprocessor 25 in the third preferred embodiment. In the third preferred embodiment, a 
compound pixel data (a video data) similar to that in the second preferred embodiment, is 
rotated 90 degrees counterclockwise. Like the second preferred embodiment, of 
registers R3 and R4, consider now only the zero-th byte BO and the second byte B2, each 
storing Y component. It is apparent that after data transfer from the register group RG6 
to RG7, the compound pixel data is rotated 90 degrees counterclockwise. As to Cb 
component and Cr component, data is processed in the same manner as in the second 
preferred embodiment. This is true for the registers Rl and R2. 

As stated above, the third preferred embodiment is characterized in that, in the 
register groups RG6 and RG7, the storage regions having the same number of bits (one 
byte) as a one-component image data serving as a unit, that is, each byte of the respective 
registers Rl to R4, are directly connected one another in the mentioned connection 
relationship. Thereby, a counterclockwise 90 degrees rotation, can be conducted by 
image data transfer between the register groups R4 and R5. As compared to the case 
that such processing is conducted in the CPU 24 by software, there is no need to covert 
the data length of each component data as a unit, thereby the step of converting the data 
length and a data transfer therefor are not required. This enables to conduct the 
processing at a high speed and a low power consumption. 

Fourth Preferred Embodiment 

A fourth preferred embodiment has the same configuration as the first preferred 
embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 25, an 
image data provided from a CPU 24 is rotated 90 degrees clockwise in exactly the same 
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manner as in the second preferred embodiment, according to input of a predetermined 
clockwise rotation instruction. The construction and processing of the coprocessor 25 
will be described as below. 

Fig. 10 is a diagram illustrating schematically register groups of a coprocessor 
5 25 and a connection relationship between registers in these register groups, in the fourth 
preferred embodiment. The coprocessor of the fourth preferred embodiment has a 
register group RG8 comprising registers Rl to R4 similar to the register groups RG4 and 
RG5 in the second preferred embodiment. That is, there is provided only one register 
Q group. In Fig. 10, for the sake of convenience, two register groups RG8 are disposed in 

10 parallel. 

In the fourth preferred embodiment, a compound pixel data (a video data) in 
jj; which two pixels are expressed in 32 bits (for example, in arrangement of color 

: =? 

|L components of "YCbYCr," each component is expressed in eight bits) is stored in the 

I": i 

j„" registers Rl to R4 of the register group RG8. A compound pixel data handled herein is 

^ 15 the same as that in the first preferred embodiment. In the respective registers Rl to R4 
of the register group RG8, each component data is stored in storage regions (the zero-th 
to third bytes) which have the same number of bits as a one-component image data 
serving as a unit corresponding to a unit image signal of the invention (in the above 
example, Y, Cb or Cr component). 
20 The respective bytes of the registers Rl and R2 of the register group RG8 are 

directly and electrically connected one another by a predetermined connecting line 
(corresponding to a clockwise rotation means in the invention), in the following manner. 
Like the second preferred embodiment, the registers Rl and R2, and registers R3 and R4, 
have totally the same connection relationship. Specifically, the zero-th byte BO of the 
25 register Rl is connected to the zero-th byte BO of the register R2; the second byte B2 of 
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the register Rl is connected to the zero-th byte BO of the register Rl; the zero-th byte BO 
of the register R2 is connected to the second byte B2 of the register R2; the first byte Bl 
of the register R2 is connected to the first byte Bl of the register Rl and to the first byte 
Bl of the register R2; the second byte B2 of the register R2 is connected to the second 
5 byte B2 of the register Rl; and the third byte B3 of the register R2 is connected to the 
third byte B3 of the register Rl and to the third byte B3 of the register R2. 

Each byte of the registers Rl to R4 of the register group RG8 can be switched 
by a selector (not shown) between input of an image data from the CPU 24, and input of 
an image data from the register group RG8. 

10 With the registers Rl and R2 (R3 and R4) connected in the mentioned manner, 

when an image data is read from the CPU 24, and the operator inputs a clockwise rotation 
instruction through an operation block, its signal is inputted to the selector, and then input 
of the register group RG8 is switched to input between the registers Rl to R4, thereby 
performing the image data transfer. Specifically, an image data is transferred and stored 

15 from the zero-th byte BO of the register Rl to the zero-th byte BO of the register R2; from 
the second byte B2 of the register Rl to the zero-th byte BO of the register Rl; from the 
zero-th byte BO of the register R2 to the second byte B2 of the register R2; from the first 
byte Bl of the register R2 to the first byte Bl of the register Rl and to the first byte Bl of 
the register R2; from the second byte B2 of the register R2 to the second byte B2 of the 

20 register Rl; and from the third byte B3 of the register R2 to the third byte B3 of the 
register Rl and to the third byte B3 of the register R2, respectively. 

Fig. 11 is a diagram illustrating a clockwise rotation processing by a 
coprocessor 25 in the fourth preferred embodiment. As shown in Fig. 11, a compound 
pixel data (a video data) in which two pixels are expressed in 32 bits (Y component, Cb 

25 component, Y component and Cr component are handled as a unit) is rotated 90 degrees 
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clockwise and then stored by the inter-register transfer as described, as in the second 
preferred embodiment. As apparent from the result, in the fourth preferred embodiment, 
the compound pixel data rotated 90 degrees clockwise is returned and stored in the same 
register group RG8. 

As stated above, the fourth preferred embodiment is characterized in that, in the 
register group RG8, the storage regions having the same number of bits (one byte) as a 
compound data serving as a unit, that is, each byte of the respective registers Rl to R4, 
are directly connected one another in the mentioned connection relationship. Thereby, 
according to input of a clockwise rotation instruction, a video data can be rotated 90 
degrees clockwise, by inter-byte transfer in the register Rl and R2, or R3 and R4. As 
compared to the case that such processing is conducted in the CPU 24 by software, there 
is no need to covert the data length of each component data as a unit, thereby the step of 
converting the data length and a data transfer therefor are not required. This enables to 
conduct the processing at a high speed and a low power consumption. 

Fifth Preferred Embodiment 

A fifth preferred embodiment has the same configuration as the first preferred 
embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 25, an 
image data provided from a CPU 24 is rotated 90 degrees counterclockwise in exactly the 
same manner as in the third preferred embodiment, according to input of a predetermined 
counterclockwise rotation instruction. The construction and processing of the 
coprocessor 25 will be described as below. 

Fig. 12 is a diagram illustrating schematically register groups of a coprocessor 
25 and a connection relationship between registers in these register groups, in the fifth 
preferred embodiment. The coprocessor of the fifth preferred embodiment has only a 
register group RG9 comprising registers Rl to R4 similar to the register group RG8 in the 
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fourth preferred embodiment. In Fig. 12, for the sake of convenience, two register 
groups RG9 are disposed in parallel. 

In the fifth preferred embodiment, a compound pixel data (a video data) in 
which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCbYCr," each component is expressed in eight bits) is stored in 
registers Rl to R4 of the register group RG9. A compound pixel data handled herein is 
the same as that in the first preferred embodiment. In the respective registers Rl to R4, 
each component data is stored in storage regions (the zero-th to third bytes) which have 
the same number of bits as a one-component image data serving as a unit corresponding 
to a unit image signal of the invention (in the above example, Y, Cb or Cr component). 

The respective bytes of the registers Rl and R2 of the register group RG9 are 
directly and electrically connected one another by a predetermined connecting line 
(corresponding to a clockwise rotation means in the invention), in the following manner. 
Like the third preferred embodiment, the registers Rl and R2, and registers R3 and R4, 
have totally the same connection relationship. Specifically, the zero-th byte BO of the 
register Rl is connected to the second byte B2 of the register Rl; the second byte B2 of 
the register Rl is connected to the second byte B2 of the register R2; the zero-th byte BO 
of the register R2 is connected to the zero-th byte BO of the register Rl; the first byte Bl 
of the register R2 is connected to the first byte Bl of the register Rl and to the first byte 
Bl of the register R2; the second byte B2 of the register R2 is connected to the zero-th 
byte BO of the register R2; and the third byte B3 of the register R2 is connected to the 
third byte B3 of the register Rl and to the third byte B3 of the register R2. There is also 
provided with a selector (not shown) which is similar to that in the fourth preferred 
embodiment. 

With the registers Rl and R2 (R3 and R4) connected in the mentioned manner, 
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when an image data is read from the CPU 24, and the operator inputs a counterclockwise 
rotation instruction through an operation button, its signal is inputted to the selector, and 
then input of the register group RG9 is switched to input among the registers Rl to R4, 
thereby performing the image data transfer. Specifically, an image data is transferred 
5 and stored from the zero-th byte BO of the register Rl to the second byte B2 of the 
register Rl; from the second byte B2 of the register Rl to the second byte B2 of the 
register R2; from the zero-th byte BO of the register R2 to the zero-th byte BO of the 
register Rl; from the first byte Bl of the register R2 to the first byte Bl of the register Rl 
and to the first byte Bl of the register R2; from the second byte B2 of the register R2 to 
10 the zero-th byte BO of the register R2; and from the third byte B3 of the register R2 to the 
third byte B3 of the register Rl and to the third byte B3 of the register R2, respectively. 

Fig. 13 is a diagram illustrating a counterclockwise rotation processing by a 

: up 

coprocessor 25 in the fifth preferred embodiment. As shown in Fig. 13, a compound 
pixel data (a video data) is rotated 90 degrees counterclockwise and then stored by the 
15 above-mentioned inter-register transfer, as in the third preferred embodiment. As 
apparent from the result, in the fifth preferred embodiment, the compound pixel data 
rotated 90 degrees counterclockwise is returned and stored in the same register group 
RG9. 

As stated above, the fifth preferred embodiment is characterized in that, in the 
20 register group RG8, the storage regions having the same number of bits (one byte) as a 
compound data serving as a unit, that is, each byte of the respective registers Rl to R4, 
are directly connected one another in the mentioned connection relationship. Thereby, 
according to input of a counterclockwise rotation instruction, an image data can be 
rotated 90 degrees counterclockwise by inter-byte transfer in the register Rl and R2, or 
25 R3 and R4. As compared to the case that such processing is conducted in the CPU 24 
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by software, there is no need to covert the data length of each component data as a unit, 
thereby the step of converting the data length and a data transfer therefor are not required. 
This enables to conduct the processing at a high speed and a low power consumption. 
Sixth Preferred Embodiment 

A sixth preferred embodiment has the same configuration as the first preferred 
embodiment shown in Fig. 1, except for a coprocessor 25. In the coprocessor 25, an 
image data provided from a CPU 24 is rotated 90 degrees clockwise in exactly the same 
manner as in the second preferred embodiment, according to input of a predetermined 
clockwise rotation instruction. The construction and processing of the coprocessor 25 
will be described as below. 

Fig. 14 is a diagram illustrating schematically registers of a coprocessor 25 and 
a connection therebetween, in the sixth preferred embodiment. The coprocessor of the 
sixth preferred embodiment has 32-bit registers Rl and R2 similar to the registers in the 
first to fifth preferred embodiments. 

In the sixth preferred embodiment, a compound pixel data (a video data) in 
which two pixels are expressed in 32 bits (for example, in arrangement of color 
components of "YCrYCb" or "YYCrCb," each component is expressed in eight bits) is 
stored in registers Rl and R2. A compound pixel data handled herein is the same as that 
in the first preferred embodiment. In the respective registers Rl and R2, each 
component data is stored in storage regions (the zero-th to third bytes) which have the 
same number of bits as a one-component image data serving as a unit corresponding to a 
unit image signal of the invention (in the above example, Y, Cb or Cr component). 

The respective bytes of the registers Rl and R2 are directly and electrically 
connected with each other by a predetermined connecting line in the following manner. 
Specifically, the zero-th byte BO of the register Rl is connected to the zero-th byte BO of 
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the register R2; the first byte Bl of the register Rl is connected to the second byte B2 of 
the register R2; the second byte B2 of the register Rl is connected to the first byte Bl of 
the register R2; and the third byte B3 of the register Rl is connected to the third byte B3 
of the register R2. 

5 With this construction, the coprocessor 25 enables to convert a compound pixel 

data of a first arrangement of color components in which two pixels are expressed in 32 
bits, to a compound pixel data of a second arrangement of color components in which two 
pixels are expressed in 32 bits. For instance, it is easily understandable from Fig. 14 
-3 that a compound pixel data (a video data) in a format of expressing " YYCrCb" as the first 

■t.Ji 

10 unit of arrangement of color components, can be converted to a compound pixel data (a 

sa 

ZZ video data) in a format of expressing "YCrYCb" as the second unit of arrangement of 

fO 

j-^ color components. 

!L, In Fig. 14, the respective bytes of the registers Rl and R2 are connected in one- 

T'l ' 

L to-one correspondence, and therefore, the above-mentioned conversion of arrangement of 

q 15 color components is reversible. In the above example of video data, when the 

: 3 

compound pixel data in the format of "YCrYCb" as the second unit of arrangement of 
color components, is inputted to the register R2 and then transferred to the register Rl, 
the compound pixel data in the format of "YYCrCb" as the first unit of arrangement of 
color components, can be fetched from the register Rl. 
20 As stated above, the sixth preferred embodiment is characterized in that, in the 

registers Rl and R2, the storage regions having the same number of bits (one byte) as a 
compound data serving as a unit, that is, each byte of the respective registers Rl and R2, 
are directly connected with each other in the mentioned connection relationship. 
Thereby, the format of arrangement of color components of video data can be conducted 
25 by inter-byte transfer in the register Rl and R2. As compared to the case that such 
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processing is conducted in the CPU 24 by software, there is no need to covert the data 
length of each component data as a unit, thereby the step of converting the data length 
and a data transfer therefor are not required. This enables to conduct the processing at a 
high speed and a low power consumption. 
5 Modifications 

While the first to sixth preferred embodiments illustrate coprocessors in digital 
still cameras and examples of image processing performed by the coprocessors, it should 
be understood that the present invention is not limited thereto. 

The first to sixth preferred embodiments are directed to a digital still camera as 
10 an image input apparatus, however, in other image input apparatuses such as digital video 
cameras, a coprocessor similar to that in these embodiments can be employed as a signal 
processing circuit. 

Although in the first to sixth preferred embodiments, a storage means of the 
invention is a register or register group, the invention is applicable to other storage media 
15 such as memory, e.g., SRAM and DRAM. 

In the first to sixth preferred embodiments, an 8-bit is used as the data length of 
an image data as a unit, and each register of the coprocessor 25 is a 32-bit register. 
However, multiple lengths of the data length of an image data as a unit, may be employed 
as a processing unit of the register. For example, a 16-bit is employed as the data length 
20 of an image data as a unit, and the coprocessor 25 performs processing with a 16-bit 
register. 

While in the sixth preferred embodiment, conversion of arrangement of color 
components is achieved by transferring a compound pixel data between the registers Rl 
and R2, a compound pixel data after conversion may be stored in the same register, as in 
25 the fourth and fifth preferred embodiments. Specifically, in the register Rl, the 
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following connections are made between the zero-th byte BO and the zero-th byte BO; 
between the first byte Bl and the second byte B2; between the second byte B2 and the 
first byte Bl; and between the third byte B3 and the third byte B3, and also a selector is 
provided which performs switching between input of an image data from the CPU 24, 
and transfer within the register Rl. This enables to reduce the capacity of the register. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 



